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Abstract 
Water stress is the major environmental stresses that affect agricultural production worldwide, 
especially in arid and semi-arid regions. This research investigated the effect of water deficit on wheat 
cultivars (Al-gaimi, Sindy-1, Sindy-2, and Hab-Ahmar) grown in the Kingdom of Saudi Arabia. Mild 
(50%) and severe (30%) water deficit regimes were used with a control of 80% soil field capacity. The 
effect of water stress on growth parameters was investigated including; plant height, leaf area, dry 
weights of roots, shoots and whole plant. Relative Water Content (RWC) and Water Use Efficiency 
(WUE) were also determined. The results indicated that the effect of water deficit on growth depended 
on the combination of water stress regime and wheat cultivars. Mild water deficit affected Sindy-2 and 
Hab-Ahmar, while Al-gaimi was less affected with neither decrease in root dry weight nor change in 
dry weight. Under severe stress, growth was decreased in Hab-Ahmar followed by Sindy-2 then Sindy-
1, while Al-gaimi was not affected. Al-gaimi and Hab-Ahmar showed a decrease in RWC under the 
severe stress. Neither Sindy-1 nor Sindy-2 showed change in RWC due to water stress treatments. WUE 
decreased under severe water deficit in Hab-Ahmar and Sindy-2, but not affected in Sindy-1 and Al-
gaimi. 
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1. Introduction  
The lack of water, drought, is one of the major 
constraints that limit crop production and quality 
[1]. The drought phenomenon is a chemical - 
physical complex, intervene in the organization of 
a number of large and small bio-molecules, such 
as nucleic acids, proteins, carbohydrates, fatty 
acids, hormones, ions, and nutrients [2, 3]. The 
stress is usually associated with a variety of other 
stresses, including salt, cold, heat, acidity and 
alkalinity [4, 5]. In the last few decades, the study 
of water stress has been considered among the 
most important directions for research in the plant 
breeding field. For example in the United States a 
draft program of "the functions of the genome of 
plant under stress conditions" was launched in 
1998 and was re-activated in 2000 to extend the 
plan to the year 2010 [6].  
       Water stress is considered to be one of the 
most important environmental factors that limit 
plant production [7]. Among the reasons for the 
delayed progress in the study of water stress is the 
lack of understanding of the physiological 
processes and mechanisms involved in plants 
under water deficit conditions [8]. It is believed 
that when a plant is subjected to water stress, it 
reacts by producing a range of reactive oxygen 
species (ROS) during photosynthesis, 
photorespiration and dark respiration, causing 
damage to cells that suffer from water deficit [9]. 
Such ROS are toxic to plant cells and can be 
combined with vital molecules, such as fats, 
proteins, nucleic acids, causing lipid peroxidation, 
protein denaturation and DNA mutation [10]. 
Numerous recent studies have shown the negative 
effect of water stress on cellular membranes and 
organelles such as mitochondria and chloroplasts 
[11], causing cellular content leakage outside the 
cell [12].  
        The objective of this study is to investigate 
the effect of water stress on growth of four wheat 
cultivars grown in the Kingdom of Saudi Arabia. 
A number of growth parameters were determined 
under water deficit stress, including plant height, 
leaf area, shoot and root dry weights, root length, 
root : shoot ratio, and total plant dry weight. The 
effect of water deficit on Relative Water Content 
(RWC) and water use efficiency (WUE) was also 
investigated. 
 
2. Materials & Methods 
2. 1. Plants materials  
The wheat (Triticum durum) cultivars used in this 
study were; Sindy-1, Sindy-2, Al-gaimi and Hab-
Ahmar. Grains were sown in 12 cm plastic pots 
containing sand: compost mix (1:3 v:v). Plants 
were grown in growth rooms at the Department of 
Biology, Faculty of Science, University of Taibah, 
Al-Madinah Al-Munawarh, KSA. In growth 
experiments, plants were subjected to three water 
deficit regimes. The 80% soil field capacity (FC) 
served as the control, 50% and 30% water regimes 
served as mild and severe water deficit 
respectively [13]. Three pots were used for each 
treatment and each pot contained three plants.  
 
2.2. Leaf Area measurement  
Leaf Area was measured with a portable leaf area 
meter LI-3000C, (LICOR Inc., Lincoln, NE, 
USA).  
 
2.3. Dry weight determination  
Fresh leaves, stems and roots were harvested and 
oven dried at 85oC for 48 hours to determine the 
dry weights.  
 
2.4. Relative Water Content (RWC) 
Relative water content were calculated according 
to the formula suggested by Turner [14], using the 
second fully expanded leaf from the top. 
 
100X
DWTW
DWFWRWC −
−=  
Where: 
RWC: Relative water content. 
FW: The leaf discs fresh weight. 
DW: The leaf discs dry weight. 
TW: The turgid leaf discs weight.  
 
       Leaves discs were cut in similar sizes, FW 
was determined as soon as leaves are detached 
from the plant to minimize the loss of leaf 
moisture. Leaf discs are then placed in containers 
containing de-ionised water to reach 100% 
hydration. Once fully hydrated (4 – 6 hours), leaf 
discs were removed from water, the turgid weight 
TW was determined; the leaf discs were oven dried 
at 85oC for 48 hours, then DW were determined. 
2.5. Water use efficiency (WUE) estimation 
Water Use Efficiency for each water treatment 
was calculated as total dry weight divided by total 
amount of transpiration [15]. The amount of water 
loss from the pots, weighed on daily basis, 
represented the transpiration. 
∑
−=
ionTranspirat
WWWUE 12
 
Where, W2 and W1 are the total plant dry 
weights at harvests 1 and 2, respectively. 
 
2.6. Statistical Analyses 
Three replicates of each treatment were used for 
all wheat cultivars. The means and standard errors 
were calculated using Excel (Microsoft Office 
2007). Analysis of variance was performed using 
Minitab’s ANOVA and General Linear Model 
(version 13).                                                                                               
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3. Results 
3. 1. Growth Parameters 
3.1.1. Plant height 
The results of the effects of water deficit regimes 
on plant height of wheat cultivars were 
summarised in Figs 1A, B, C and D. With regard 
to plant height, the four cultivars differed in height 
with the cultivar Sindy-1 being the tallest followed 
by Sindy-2 and Al-gaimi and the shorter one was 
Hab-Ahmar. When considering the amount of 
water given for each cultivar, we found that in the 
first week at 50% Hab-Ahmar plants had higher 
height than those at 80% and 30%. In the second 
week, there was a clear difference in plant height 
with taller plants grown under 80% water regime 
and least height in plants under severe water stress 
30%. In the third week, the same pattern in plant 
height was observed with little increase in plants 
at 80% when compared to the moderate and severe 
water stress.  
In week 4, plants grown under 50% had higher 
plant height followed by 80%, while plants under 
30% had the shortest height. In the fifth week we 
noted that the well watered plants were the tallest 
with a significant decrease (p < 0.05) in plant 
height of plants grown under the severe water 
stress. At this stage of growth, plant height was 
not affected by water stress at 50% level. In 
contrary to the other cultivars, it was noted that the 
plant height of Sindy-2 cultivar had the highest 
height under the 30% treatment and the least 
length under 80% treatment; which might indicate 
that water stress in this cultivar contributed in 
stimulating the plant height. In the second week 
we noted that the treatment of 50% and 30% 
resulted in the inhibition of plant height when 
compared to the control plants. The growth of 
plants followed the same pattern in the remaining 
weeks. As for the Sindy-1 we observed a 
similarity in plant height between the treatments 
with an insignificant increase (p > 0.05) in plants 
grown under the 50% treatment. In week 2 and 3, 
plants under 50% treatment were the tallest and 
least plant heights were recorded at 30% 
treatment. In week 4 and 5, plant height was not 
affected by the 50% treatment when compared 
with that of 80%, while a significant decrease was 
recorded in plants at 30% treatment (p < 0.01).  
In week 1, the plant height of the Al-gaimi cultivar 
was the highest at the treatment of 30% followed 
by treatment of 50% compared with 80% 
treatment. In week 2, 3 and 4 no significant 
changes were observed under any treatment.  
However, in week 5, a significant (p < 0.05) 
decrease in plant height was observed. Overall, the 
two cultivars Sindy-1 and Sindy-2 had the highest 
height, while the Hab-Ahmar had the least. 
Fig.1. Effect of water deficit regimes on plant height of four wheat cultivars. A: Al-gaimi, B: Sindy-2, 
C: Sindy-1 and D: Hab-Ahmar. Measurements were taken weekly for five weeks. Water regimes were 
80%, 50% and 30% of the soil field capacity. 
 
 
 
 
 
Boutraa et.al                                                           JTUSCI 3:39-48  (2010)                                                                                    42 
                                                                                                                      
Effect of water stress on growth and water use efficiency of some wheat cultivars 
  
3.1.2. Leaf area 
A clear difference in leaf area was observed 
between the four wheat cultivars when plants 
are well watered (80%); the cultivars were 
ranked from high to low at the following order 
Sindy-1, Sindy-2, Hab-Ahmar and Al-gaimi 
(Fig. 2). When comparing the effects of water 
stress on leaf area, the highest leaf area was 
found in the control plants of the 80% water 
regime, followed by the plants under 50% 
water regime, while leaf area of plants of the 
30% had the least leaf area, suggesting that 
severe water deficit decreases leaf area. 
 
 
 
 
3.1.3. Dry Weights 
3.1.3.1- Shoot dry weight 
Shoot dry weights (Fig. 3) differed among the 
four wheat cultivars grown under control 
conditions. Sindy-2 had the highest dry weight 
followed by Sindy-1, then both Al-gaimi and 
Hab-Ahmar. When plants were subjected to 
water deficit regimes, shoot dry weight 
decreased siginifcantly (p < 0.05) under both 
mild and severe water deficit in Al-gaimi, 
Sindy-1 and Hab-Ahmar. In contrast, Sindy-2 
showed an increase in shoot dry weight under 
mild water deficit. However, as water deficit 
increased, shoot dry weight decreased 
siginificantly (p < 0.05). We conclude that 
Hab-Ahmar was the most affected cultivar and 
Sindy-1 and Sindy-2 were the least affected. 
 
 
Fig. 2. Effect of water deficit regimes on leaf area of four wheat cultivars: Al-gaimi, Sindy-2, Sindy-1 
and Hab-Ahmar.  
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3.1.3.2. Root dry weight 
Similarly to shoot and root dry weights of the 
four cultivras were different among the four 
wheat cultivars gorwn under control 
conditions. Sindy-2 had the highest root dry 
weight, followed by Sindy-2, Hab-Ahmar then 
Al-gaimi (Fig. 4). When plants were under 
water deficit stress, root dry weight was 
decreased in the same way in both Sindy-1 and 
Sindy-2 under both mild (50%) and severe 
(30%) water deficit regimes. In contrast, mild 
water deficit had no effect on root dry weight 
in Hab-Ahmar; however, root dry weight 
decreased significantly (p < 0.05) when water 
deficit became severe at 30%. The cultivar Al-
gaimi had instead an increase in root dry 
weight under mild water deficit and no change 
under severe water deficit, suggesting that Al-
gaimi roots had higer tolerance of water deficit 
compared to the other cultivars. 
  
 
   Fig. 3. Effect of water deficit regimes on shoot dry weight of four wheat cultivars: Al-gaimi, Sindy-2,   
Sindy-1 and Hab-Ahmar.  
 
    Fig. 4. Effect of water deficit regimes on root dry weight of four wheat cultivars: Al-gaimi, Sindy-2,     
Sindy-1 and Hab-Ahmar.  
 
 
 
Boutraa et.al                                                              JTUSCI 3:39-48   (2010)                                                                             44   
                                                                                                               
Effect of water stress on growth and water use efficiency of some wheat cultivars 
  
3.1.3.3. Root: Shoot Ratio (RSR) 
Root Shoot Ratio is one of several ratios, 
which give estimates of the distribution of dry 
matter between the different plant organs [16]. 
It is a measure of the distribution of dry matter 
between the root and the shoot systems and it 
is a good indicator for effects on root and shoot 
dry weights. The results (Fig. 5) showed that 
RSR did not change significantly (p > 0.05) in 
Hab-Ahmar under severe water deficit, 
indicating that root and shoot dry weights were 
affected in the same way and the proportion of 
dry matter allocated to the roots and shoots 
decreased but to the same degree. However, 
under mild water deficit, RSR was increased 
demonstrating that shoot dry weight was 
severely affected compared to the root system. 
Such increase in RSR indicates that the 
proportion of dry matter allocated to shoots 
was decreased compared to the roots. Hab-
Ahmar showed an increase in RSR under mild 
water deficit and no change under the severe 
water deficit. This suggests that shoot growth 
was affected more than the root under mild 
water deficit; in contrast, when water deficit 
was severe, both shoot and root were affected 
in the same way. In Sindy-1 cultivar, RSR was 
slightly decreased indicating that shoot and 
root were almost affected in the same way with  
a decrease in dry matter allocated to both root 
and shoot. In the case of Sindy-2, RSR was 
severely decreased under mild water deficit 
and slightly decreased under severe water 
deficit. This indicates that when plants were 
under mild water deficit, the dry matter 
allocated to the roots was severely diminished 
compared to that of the shoot. In contrast this 
was not the case when water shortage became 
severe, indicating that protection mechanisms 
might be switched on to deal with the stress 
and rectify the amount of dry matter allocated 
to roots.  
3.1.3.4. Total plant dry weight 
Results in Fig. 6 showed that Sindy-2 had the 
highest total plant dry weight, followed by 
Sindy-2, Hab-Ahmar then Al-gaimi. When 
under water deficit treatments, Hab-Ahmar 
showed a progressive decrease in total plant 
dry weight as water deficit increases, while 
Sindy-1 showed an equal decrease under mild 
and severe water deficit. In contrast, Sindy-1 
was not affected by mild water deficit and Al-
gaimi was unaffected by mild or severe water 
deficit. This suggests that Al-gaimi was the 
least affected cultivar followed by Sindy-2, 
Hab-Ahmar then Sindy-1. 
  
 
Fig. 5. Effect of water deficit regimes on root : shoot ratio of four wheat cultivars: Al-gaimi, Sindy-2,  
Sindy-1 and Hab-Ahmar.  
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4.  Relative Water Content (RWC) 
The effect of water stress on relative water 
content (RWC) varied between cultivars, and 
water stress treatment (Fig. 7). For example, 
Al-gaimi and Hab-Ahmar showed a slight 
decrease in RWC under the severe water stress. 
While neither Sindy-1 nor Sindy-2 showed any 
significant change in the RWC due to water 
stress treatments. 
 
Fig. 6. Effect of water deficit regimes on total plant dry weight of four wheat cultivars: Al-gaimi, 
Sindy-2, Sindy-1 and Hab-Ahmar.  
 
Fig. 7. Effect of water deficit regimes on relative water content of four wheat cultivars: Al-gaimi 
cultivars: Al-gaimi, Sindy-2, Sindy-1 and Hab-Ahmar.  
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5- Water use efficiency 
Water use efficiency referred to the ratio of 
units of plant growth to units of evapo-
transpiration. It has been expressed as units of 
dry matter production per unit of water used 
[17, 18]. The results in Fig. 8 showed that Al-
gaimi was the most consuming of water, 
followed by Sindy-1, Sindy-2 then Hab-Ahmar 
which was the least water consuming cultivar. 
When under water deficit stress, all cultivars 
showed no significant change (p > 0.05) at 
50% water deficit regime and a decline at 30%. 
However, under severe water deficit regime 
30%, WUE was decreased in all cultivars 
except Sindy-1 followed by Al-gaimi, showing 
no significant change (p > 0.05) under water 
stress. Hab-Ahmar and Sindy-2 were the most 
affected as WUE decreased dramatically (p < 
0.01) under severe water deficit regime.  
 
4. Discussion 
Effect of water stress on plant growth has been 
discussed extensively [19, 20]. Although water 
stress affects most of the functions of plant 
growth, this effect depends on the level of 
water stress, the length of time to which the 
plant is subjected to water stress and the geno-
type of plant species. It is clear from the results 
obtained in this study, that different levels of 
water stress have affected the growth of wheat 
cultivars differently, which indicates that the 
wheat cultivars differed in their ability to 
tolerate different levels of water stress. This 
will help to discover more growth and 
physiological parameters that might be related 
to water stress sensitivity. 
       It has been confirmed by many researchers 
that water stress lead to growth reduction, 
which was reflected in plant height, leaf area, 
dry weight, and other growth functions [21, 
22]. It has been observed that treatment of 50%  
water did not affect plant height, except for Al-
gaimi and Sindy-2, while the Hab-Ahmar and 
Sindy-2 showed an ability to withstand this 
level of water stress. Plant height is the 
morphological characteristic associated with 
moving the carbohydrates, especially under 
stress conditions [23]. At the severe water 
stress, all wheat cultivars were affected and in 
particular Hab-Ahmar. Similar findings were 
reported by Mirbahar et al. [24] confirming the 
results of the current study, those wheat 
cultivars were different in their response to 
different water stress.  
 
 
Fig. 8: Effect of water deficit regimes on water use efficiency of four wheat cultivars: Al-gaimi, Sindy-
2, Sindy-1 and Hab-Ahmar.  
 
 
 
 
 
 
 
 
 
 
 
Boutraa et.al                                                            JTUSCI 3:39-48   (2010)                                                                               47  
Effect of water stress on growth and water use efficiency of some wheat cultivars 
  
       With regard to the effect of water stress on 
leaf area, the different water stress treatments 
resulted in a gradual decrease as the stress 
increases in all wheat cultivars. Similar 
variation of wheat genotypes in response to 
water stress was reported by Foulkes et al. [25] 
and Kameli & Lösel [26] have confirmed the 
abilty of water stress in reducing leaf area in 
wheat plants. The impact of water stress on 
leaf growth can be explained as a method of 
adaptation to the conditions of water shortage 
to limit the rate of transpiration [20], in order 
to maintain the water supply in the soil around 
plant roots to increases the chance of survival 
of the plant [27]. The mechanism, by which 
plant leaf area is reduced under water stress, is 
through the reduction of cell elongation, which 
leads to the reduction of cell size and therefore 
the reduction of leaf area [28].  
       Our results indicated that the different 
treatments of water stress led to a decline in 
the shoot and root dry weights as were as total 
dry weight per plant, with Hab-Ahmar the 
most affected cultivar. In contrast to that, in 
Sindy-2 and Al-gaimi dry weight of shoot and 
root increased under the moderate water stress 
conditions. These are in consistent with the 
findings of Abdalla and Khoshiban [29] as the 
root was not affected by water stress, and the 
decrease in the total dry weight is due to the 
lack of dry weight of shoot. Researchers 
considered the increase in root growth as an 
indicator of the ability of plants to withstand 
water stress, as well as to screen plant cultivars 
for drought tolerance [30]. 
        The relative water content (RWC) 
parameter is considered as one of the easiest 
agricultural parameters that can be used to 
screen for plants drought tolerance. Drought-
tolerant plant species keep high RWC 
compared with drought-sensitive species in 
cultivars of sugarcane [31]. Stoyanov [32] 
reported that water stress causes a decrease in 
RWC in beans species. Recently, Balouchi 
[33] found that water stress could reduce the 
RWC in seven out of eight of the Australian 
wheat cultivars with clear differences between 
cultivars. Similarly, Tambussi et al. [34] 
reported that cultivars of wheat under water 
stress showed a decrease in the RWC. 
However, Kraus et al. [35] noted that there is a 
difference in RWC between drought-resistant 
and drought-susceptible wheat cultivars. Using 
the RWC as criteria in screening for drought 
tolerance, Sindy-1 and Sindy-2 might be 
considered drought-tolerant, although the 
effects of water stress on other growth 
functions indicated that Sindy-1 was not. 
        The results showed that the WUE was not 
affected by the moderate water stress in any of 
the wheat cultivars investigated in the current 
study. Whereas, under severe water stress 
WUE decreased in Hab-Ahmar and Sindy-2, 
but Sindy-1 and Al-gaimi were not affected. 
This decrease in WUE as a result of water 
stress was confirmed by a number of 
researchers [36, 37] using cultivars of wheat 
plant. Similar findings were documented using 
a variety of crop plants such as millet, barley 
and sorghum [38]. However, Michihiro et al. 
[39] pointed out that drought-tolerant wheat 
cultivars showed an increase in WUE, while 
the drought-sensitive cultivars showed a 
decrease in WUE. Balouchi [33] did not 
observe any effect of water stress on WUE in 
any of the Australian wheat cultivars used in 
his study, but he observed a significant 
variation between the wheat cultivars in terms 
of WUE. 
 
5. Conclusion 
The results obtained in this study showed that 
wheat cultivars significantly differed in their 
response to drought and hence drought 
tolerance. The degree of drought tolerance 
depends on the interactions between the wheat 
cultivars and the levels of water stress. The 
results suggested that cv. Al-gaimi was the 
most drought tolerant followed by cv. Sindy-1, 
while cv. Hab-Ahmar was the most drought 
sentsitive followed by cv. Sindy-2. 
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